The aim of this study is to review the current tools for the assessment of stress response in humans, ranging from the use of psychological questionnaires to the latest tools involving portable digital devices. Practical implications in educational context are further discussed.
Introduction
The study of stress and the way in which it can be assessed objectively is a field that has received increasing interest in recent years [1] . This interest is supported by the growing evidence supporting the negative implications of the emotional, psychological and behavioral changes involved in the stress response [1] , which may contribute to the genesis of various diseases, such as cardiovascular diseases or insomnia, two of the main causes of death and disability in the Western world, digestive disorders have also been reported such as functional dyspepsia, irritable bowel syndrome, esophageal reflux, peptic ulcer and other somatic symptoms, joint disorders mandibular [2] or oral lichen planus [3] . Interestingly, the hormonal profile of chronic stress is similar to the hormonal profile of depression [4] . More controversial is the possible relationship that has been established between stress and cancer, probably because we are talking about a particularly heterogeneous group of diseases, in which stress may have more or less relationship with one or the other; although for example it has been pointed to a possible relationship of stress with those cancers in which the immune system is involved and the hormonal response, such as cervical cancer, hepatocarcinoma and some tumors related to HIV [5] . Finally, the interest in the stress response and its effects on health and quality of life has expanded to other areas such as academic performance [6] , work [7] , or sports [8] .
The impact of stress on health is mediated by coping strategies, including social support and individual differences in the perception of control to answer the demands all of us have to face in daily life [9] . However, a how to measure stress in humans still remains an issue. Some studies even differ on their definition of stress, focusing on behavioral or cognitive stress responses, acute or chronic.
The goal of this study is to review the role of portable digital devices to assess stress in humans among others.
Methods
A revision of the current literature was carried out using semantic scholar database, the first academic search engine that uses artificial intelligence to identify key articles to refine the results obtained using information from the previous searches. The following keywords were used: stress; measurement, psychophysiological devices, psychophysiological measures, stress questionnaires. Only full-text articles published in English were considered. Papers focused exclusively in stress assessment in, animals, mainly mice in laboratory situations, were excluded.
Results
The total number of articles on stress has almost doubled during the last five years. Going from 100 references in approximately 1990 to more than 46,000 in 2016.
Focusing on these stress assessment procedures in humans, we have analyzed the different forms of evaluation that have been implemented over the years, from the adoption of the stress term as a specific response of the organism that is triggered by certain conditions, being initially conceptualized basically in terms of biological response [10] , which later incorporated cognitive and motor aspects also specific to this response [11] .
The characteristics of the stress response, understood as specific changes in the physiological, cognitive and motor systems, are therefore potentially measurable. For this, several systems have been used, whose historical evolution we have analyzed through our search. At first, the way of assessing stress in humans was done fundamentally in a self-report form using questionnaires or records. A great variety of questionnaires and structured interviews were developed with which to measure various factors that were associated with the stress response in humans.
Some of these approaches from psychology have conceptualized the stress response within the term anxiety, developing assessment instruments that have been widely used to measure various aspects of cognitive, physiological and motor responses associated with situations or stimuli rated as stressful.
There are numerous questionnaires of this type, some of them are the State-Trait Anxiety Inventory (STAI), which distinguishes between anxiety as a personality or trait factor, and anxiety as a transitory reaction to a specific situation, or anxiety state [12] ; the Self-Applied Scale for the Evaluation of Manifest Anxiety, which allows to evaluate the frequency and intensity of anxiety symptoms [13] ; the Inventory of Situations and Answers of Anxiety, which allows to assess the three physiological, cognitive and motor response systems and up to four situational areas or specific features [14] ; and the PSS or Perceived Stress Scale that assesses to what degree various life situations are perceived as stressful by the subject [15] .
This approach has the main drawback of being subjective measures, subjected to social desirability and they show a lower sensitivity with respect to the physiological variations that occur in the stress response, some of which are undetectable for the subject. However, they are still used today and are considered a good measure of the cognitions and emotions associated with stress, unavailable from any other source of information. They are also validated instruments for diverse populations and with high reliability and validity indexes, easy to administer at lower cost than electronic or biological methods.
In the search for greater objectivity, and thanks to advances in the knowledge of the physiological stress response and laboratory analysis methods, tests have been incorporated into the assessment of physical stress response, result of the activation of the hypothalamic-pituitary-adrenal axis (axis HHA), being the most used have been the presence of cortisol and other glucocorticoids in blood, urine and saliva [16] or other stress-related factors such as catecholamines (epinephrine and norepinephrine) or corticotropin release hormone (CRH) [17] .
Some drawbacks of these measurement procedures are that they are invasive, and also that the changes that can be found in the results can be influenced by variables not directly related to the stress response, such as the time of day in which record (cortisol levels tend to be higher in the morning than in the afternoon), the menstrual phase in womens [18] , or the consumption of certain substances such as caffeine or nicotine associated with the sympathetic nervous system of the stress response [19, 20] . These measures also mean that they have to be analyzed in clinical laboratories, which makes the measurement more expensive. The review of the literature uncover the growing use of portable digital devices that incorporate the latest advances in digital technology, such as telemetry, which allows the measurement of different types of signals from the body, which are sent to a system in charge of recording them and displaying the results on a computer-like interface. These devices, widely used in the health field for the evaluation and diagnosis of different diseases, are sensitive to the physiological reactivity that occurs in the body under a stressful situation. The most commonly used parameters according to the literature are blood pressure, vagal tone, heart rate and heart rate variability.
Heart rate (HR) provides an index of the stress response [21] . However, the physiological parameter most recently used is the heart rate variability (HRV), defined as the variability of the time between R wave of the electrocardiogram or RR interval. This measure is sensitive to the changes in cardiac autonomic regulation [22] , providing more information than the HR as a single data. There are differents HRV analysis, one of the most commonly used is the analysis of frequency domains by the low frequency (LF) and high frequency (HF) bands of the HRV. HF band is considered a primary measure of vagal or parasympathetic activity [23] . LF has been associated with decreased vagal activity and increased risk for cardiovascular disease and even death [24] . These HRV parameters are considered reliable and accurate methods susceptible to be monitored throughout daily life using portable devices [25] .
Other findings point out in this direction. For example, hostility and perceived social support affect to blood pressure in opposite directions [26] ; active coping strategies is also associated with reduced HRV in men [27] . In addition, type D personality, characterized by negative affectivity and social inhibition, has also been associated with differences in HRV [28, 29] .
A number of portable devices has been developed to monitor and record HRV. Some have already been used in clinical settings for the diagnosis of cardiovascular diseases such as hypertension and pathologies of the coronary arteries: for example, a portable electrocardiogram systems or digital Holter cardiac monitors [30] . However, the initial cost of these equipments are high and require specialized personal to analyze their data.
Portable digital devices able to monitor heart rate are now widely used outside clinical settings, including sports, military training, or just to register daily life physical activity [31] . These devices are similar to portable ECG systems or cardiac monitors, easier and designed for use in different contexts and during activities. For example, the V800 polar model, which has been validated specifically to analyze the variability of the heart rate (HRV) and the RR interval, which is consistent with those obtained through ECG [32] , or the device developed by FirstBeat Technologies Ltd. [33] which software allows analyzing and monitoring HRV in a continuous register, in addition to other physiological parameters such as respiration rate and the kinetics of On / Off response VO2 from the RR interval, resulting in an estimation of individual energy expenditure, which is directly related to physical activity and sport, lifestyle and health [25] .
The use of these devices comprise several advantages. On the one hand, they offer the possibility of making objective, reliable and low-cost measurements. The portable digital devices allow to be carried out in a simple way and are not invasive, continuously recording the psychophysiological activity, in real time for 24 h, and the data obtained are easily analyzed with the appropriate data analysis software. The subject can carry the device and carry out the activities of their daily life, including physical exercise, during the registration, and they are easy to place and use by means of simple instructions.
Discussion
The great changes and advances in the last decades in the field of electronic devices and the recording of psychophysiological variables has revolutionized the way in which the stress response in the individual is evaluated. Measures such as vagal tone or heart rate variability have been shown to be sensitive to stress situations, and have the advantage of being obtained using digital recording systems or devices that continuously record the individual's activity.
The practical implications of having this type of device to obtain stress measurements is wide, due to the advantage of being able to record the subject's response in a simple way in their natural environment, which gives a greater ecological validity to the measurements. We can even record the stress response at the same time it occurs, while the subject is involved in the situation that triggered it, and not a posteriori, as was the case with the measures used so far.
The implications of this technological development in the measurement of psychophysiological stress response are numerous, ranging from basic laboratory research, to multiple practical applications in different fields of psychology. In this context, the stress response can be measured under work stress and leisure time, finding a greater reactivity of the heart rate during a stressful workday [34] and athlete's performance [35] .
Another line of research has focused on the development of portable devices to provide biofeedback in real time useful for training in increase the control over stress physiological response. For example, HRV has been used in the treatment of chronic cardiovascular diseases, hypertension, metabolic syndrome, and chronic respiratory problems [36] , anxiety [37, 38] and depression, among others [38] . Also HRV has been used in military population to assess the effect of different combat maneuvers, tactical parachute jumps, showing a decrease in HRV and parasympathetic response [39] [40] [41] [42] [43] , and the effect of experience in combat stress response and memory [44] . Other field extendly used was sport population, where HRV analysis is an important tool to assess the intensity of the stress response in single The Inventory of Situations and Answers of Anxiety-ISRA (Miguel, Cano, 1986) Blood pressure High-frequency band in normalised units (high-frequency, HFn) Perceived Stress Scale (Cohen, 1983) Vagal tone Electromyographic response trainings or competitions [45] [46] [47] or a basic tool to control the stress status in long time training structures [48] . Usually, biofeedback is combined with the use of different relaxation and deactivation techniques, useful to self-regulate autonomic functions involved in stress response. Most biofeedback portable devices based on the activity of different muscles recorded by electromyogram (EMG), the galvanic response of the skin or conductance, peripheral blood flow, exhaled CO2, and HRV. Only the most recent development in neurofeedback use real-time electroencephalography [49] .
The data collected through simple wireless monitoring belts or other sensors applied to the subject go directly to the smartphone, and are recorded and presented to the subject through an interface that allows to show the modifications that occur in the stress response in time real [50] . The development of mobile technology produced in recent years, represent a milestone in the expansion of biofeedback to the general population.
Furthermore, results of this study are relevant in the field of education, especially in those contexts in which the student must put into practice certain practical skills or skills while being evaluated. An example of this type of situation would be the use of the Bobjective structured clinical examination (OSCE)^methodology as a student assessment procedure. This methodology is widely used in medicine and nursing, as part of training programs in clinical skills, and involves realistic scenarios that easily trigger a stress response in students, that might impair their performance, which is evaluated according to criteria objectives by at least one qualified observer (teacher).
This type of methodology is also being used for the training of communication skills and the therapist in psychology students [51] . Again, the student's performance can be significantly by the stress response, so teachers might benefit of portable digital devices easy to use and provide information about the stress responses in students.
The digital devices are perfectly suited to use in these scenarios, which allows us to know how is the anxiety response of each student during the time in which he is performing the test. The possibility of carrying out previous training allows us to establish a baseline, which can be compared with the data obtained during the ECOE. By also having the results of the performance (test result), we can get to know more about the relationship between stress and performance, and more specifically how it can be affected by the response that triggers a potentially stressful situation.
Training programs in clinical skills and competencies should take into account that good performance in these situations requires the use of executive functions such as paying attention to the demands of the task, inhibiting impulses or resisting potential interference, managing a certain amount of information simultaneously in working memory, which can be negatively affected by an increase in the stress response [52] .
Obtaining a student psychophysiological response real-time measurement during evaluation contexts would help to understand if in any way all these attentional and memory cognitive resources may be affected by stress, and be taken into account for future training plans in these skills that may include specific aspects for the reduction of stress in these evaluation contexts (Table 1) .
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